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ABSTRACT
The proximate and physicochemical properties of  cassava leaf  and peel meals were evaluated with a view to possible 
replacement of  wheat offal which is the conventional source of  fibre in animal feed, with these meals. The effect of  
feeds produced with cassava leaf  and peel meals on the performance of  growing snails was also investigated. Feeds 
(F1, F2 and F3) were formulated to contain 240, 235 and 230 g/kg cassava root meal each and 85, 85 and 90 g/kg 
cassava peel meal, wheat offal meal and cassava leaf  meal respectively.  The formulated feeds contain approximately 
18.0% crude protein, 7.5% ash, 3% fat, 6.0% crude fibre 8%, calcium, 0.7% phosphorus, and energy level of  2400 
kcal ME / kg. A total of  54 growing snails (Archachatina marginata) were used to investigate the nutritive potential of  
the formulated feeds on performance of  growing snails for 15 weeks. Concentrations of  the crude protein, crude fat, 
crude fibre, ash and calcium in cassava leaf  meal were higher than those of  wheat offal and cassava peel meal, with 
the exception of  nitrogen free extract which was highest (70.01%) in cassava peel meal. Feed intake was 576 g, 569 g 
and 581 g for snails fed with cassava leaf  meal, cassava peel meal and wheat offal respectively but the corresponding 
weight gain ranged between 123.35 and 134.81 % being highest for F1. The feed conversion ratio shows that F1 > 
F3 > F2 indicating better conversion of  feed to edible meat in F1. The results show that cassava leaves and peels 
have a strong potential to substitute the traditional wheat offal and can therefore be adapted as commercial feed 
ingredients.
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Introduction     
Consideration of  best results in terms of  health 
and good digestive efficiency is important in animal 
feed. Crude fibre (CF) specifically, is a measure of  
poorly digestible carbohydrates in feeds (Preston, 
2002). Fibre in foods is a nutritionally defined entity 
which represents the digestible and slowly digested 
fractions in feed (RBI, 2008). Energy requirements 
increase often above the level free range animals 
can manage. To increase the energy density of  
the overall diet, man introduced extra energy in 
the form of  starch – first as raw maize, sorghum, 
millet, spent grain in the production of  beer and 
local gruel, and more recently, as manufactured 
feeds. These all contain some fibre which provides 
some sort of  energy but one important factor is the 
quality of  the fibre in nutrients like minerals and 
trace elements (Wood, 2009).
Murgueito (1990) suggested that tropical animal 
production should become more intensive, with 
animals managed in confinement. Snails are 
territorial and will stay in their own area if  sufficient 
food is available. Several factors have been identified 
as very crucial in the breeding of  snails (Thompson 
and Cheney, 2007).  These are population density; 
stress; temperature and moisture; breeding 
technology used and feed.  Feed cost accounts for 
60 – 80% of  livestock production cost while the 
energy components of  feed accounts for 60-70% 
and fibre component accounts for 8 – 12% of  feed 
costs.  Manufactured feeds have the advantage of  
being balanced in terms of  minerals, energy and 
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protein for intended use but awareness of  the 
relative nutrients level of  fibre in different feeds 
helps. While the nutrient levels of  conventional 
sources of  fibre such as wheat offal, rice bran and 
rice husk are well documented (Preston, 2002), the 
biological value of  cassava leaves and peels has 
also been reported (Ravindran, 1991; Tewe, 1991). 
These two materials may be of  great economic 
importance as against the current practice of  
returning them to the soil as green manure. The 
main objectives of  this study were to evaluate the 
nutritive and physicochemical properties of  cassava 
leaf  and peel meals and as possible replacement for 
wheat offal which is the conventional source of  
fibre in animal feeding and to investigate the effect 
on the performance of  growing snails. 
Materials and Methods
Materials procurement and preparation                            
The main materials used in the project work were 
cassava roots, cassava peels and cassava leaves 
(obtained from a private farm in Oshodi, Lagos 
State). Other feed ingredients used were soybean 
meal (SBM), palm kernel cake (PKC), groundnut 
cake (GNC), oyster shell (OS), bone meal (BM), 
wheat offal (WO), vitamin-mineral pre-mix and 
supplements (obtained from a reputable feed shop 
at Abattoir – Oko Oba, Agege, Lagos State). 
Cassava roots were processed into meal using 
standard method of  processing involving peeling, 
grating, bagging and dewatering using a mechanical 
screw press (for 18 h), and sun drying for 3 days 
(Gomez et al.,1987). Cassava leaves were processed 
into meal using the method of  Ravindran et al. 
(1987). Cassava peels were cut into pieces and dried 
for 3 days. Dried cassava leaves and peels were 
thereafter ground in a hammer mill. 
Snail feed formulation
 This was done as shown in Table 1 based on the 
nutrient requirement of  growing snails (Omole et 
al., 2007; Murphy, 2001; Oluokun et al., 2005 and 
Ebenso, 2003). 
Chemical analysis
The proximate compositions of  the meals and 
feeds were determined according to the method 
of  AOAC (1990).  Crude protein content (% N X 
6.25) was determined by the macro kjedahl method 
described by Egan et al. (1984). Carbohydrate was 
determined by difference in percentage of  100 and 
the sum of  crude protein, crude fibre, crude fat, 
and ash and moisture contents. The metabolisable 
energy of  the meals and feeds was determined by 
calculation. The calcium and phosphorus contents 
of  the meals and feeds were determined by atomic 
absorption spectrophotometer method described 
by Onwuka (2005). Bulk and loose densities were 
determined as the ratio of  the mass of  meal/
feed and the volume it occupies in a graduated 
cylinder when compacted and without compaction 
respectively. The swelling levels were noted for a 
period of  60 min in a graduated cylinder.
Feeding trial 
A total of  54 growing snails of  spp. archachatina 
marginata obtained from Institute of  Agricultural 
Research and Training (IAR & T), Ibadan, Oyo 
State were used to investigate the nutritive potential 
of  the formulated feeds for 3½ months. The group 
weight of  the snails was 422 ± 1 after distribution 
in a completely randomized design with 6 snails per 
treatment replicated 3 times. The snails were reared 
in plastic drums of  height 42 cm and diameter 52 
cm placed inside a well-ventilated room. Sandy 
Table 1: Composition of  formulated of  feeds                   
    Feeds
Feed material (g/kg) Feed 1 Feed 2 Feed 3
Cassava root meal 240 230 235       
Cassava leaf  meal 85  -  -  
Cassava peel meal  -  90  
Wheat offal  -   -   85
Pre-mix and supplement  10  10  10
Protein base 310 310 310        
Palm kernel cake 125 130 130      
Calcium base 230 230  230   
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loamy soil was put inside the cage to a depth of  12 
cm. The feeds, moistened with water were given ad 
libitum served in flat plates. 
Nutritional evaluation of the manufactured 
feeds
The parameters monitored in this study were total 
feed intake (TFI), total weight gain (TWG) and feed 
conversion ratio (FCR). The feed intake was taken 
on a daily basis by subtracting the left over from 
the feed offered. The weight gain was measured 
on a weekly basis. The feed conversion ratio was 
calculated as the ratio of  total feed intake to total 
weight gain.
Statistical analyses
Variances in the means of  the scores were 
determined (Gacular and Singh, 1984) and 
separated using Duncan’s new multiple range test 
(Duncan, 1955)
Results and Discussion
Proximate and physicochemical properties of 
meals
Table 2 shows the proximate and physicochemical 
properties of  cassava leaf  meal, cassava peel meal 
and wheat offal. The crude protein was highest 
in cassava leaf  meal (20.26%) and least in cassava 
peels meal (4.24%). The crude fat content of  
cassava peel meal was very low (0.87%) compared 
to 4.89% in cassava leaf  meal and 3.22 % in wheat 
offal. The crude fibre and ash concentrations were 
highest in cassava leaf  meal. This makes it to be 
a good source of  fibre and minerals as recorded 
in the values of  calcium (1.24%) and phosphorus 
(1.87%) contents obtained in this study. The energy 
level of  cassava leaf  meal was low (270 kcal/g) 
compared to 305 & 307 kcal/g recorded for cassava 
peel meal and wheat offal respectively. This may be 
attributed to the nitrogen free extract levels of  the 
meals as shown in Table 2. Bulk and loose densities 
of  cassava peel meal were greater than those of  
other samples. This suggests that its particles have 
little or no internal air spaces and were denser than 
others. The swelling index was highest in cassava 
peel meal (32.33%) and least in cassava leaf  meal 
(6.25%). This may be attributable to its high 
nitrogen free extract (70.01%). The results obtained 
in this study are comparable to those obtained by 
Omole et al., (2004) in the evaluation of  peels of  
some indigenous crops.
Proximate and physicochemical properties of 
feeds
The results of  the proximate properties and 
functional of  feeds are shown in Tables 3 and 4. 
Chemical composition of  the experimental feeds 
on DM basis in Table 3 showed that all tested feeds 
had similar values with the exception of  nitrogen 
free extract. The loose density of  the diets ranges 
from 0.50 – 0.55 g/cm3. The bulk density of  the diets 
ranges from 0.54 – 0.60 g/cm3. This is important 
in determining the inter-particulate bonding which 
facilitate closer packing (Itiola, 1991).
Table 2: Mean proximate composition and physico-
chemical properties of  meals
    Meals
Proximate Cassava Cassava Wheat
composition leaf  peel offal
% meal meal     
Dry matter 91.12a 90.75c 90.97b 
Crude protein 20.26a 4.24c 16.71b
Crude fat 4.89a 0.87c 3.22b 
Crude fibre 21.06a 10.48b 9.85c
Ash 9.50a 5.15c 8.38b 
Nitrogen free extract 35.41c 70.01a 52.81b
Phosphorus 1.87a 0.21b 0.23b
Calcium 1.24a 0.16c 0.21b 
Energy ME kcal/g 270c 305b 307a
Bulk density g/cm3 0.29c 0.47a 0.31b
Loose density g/cm3  0.25b 0.40a 0.25b
Swelling index 6.25c 32.33a 9.26b
Colour Green  Dark Light
  brown brown
Sample mean scores in the same row with different 
letters are significantly (p < 0.05) different.
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Effect of feed on growing snails
The result of  the effect of  sources of  fibre on 
performance of  growing snails is presented in 
Table 5. The monthly feed intake increased from 
F3 (581 g), F1 (576 g) and F2 (569 g) respectively. 
However, the corresponding weight gain increased 
from F3 (94.81 g), F2 (93.10 g) and F1 (86.75 g) 
respectively. This shows that the efficiency of  feed 
utilization (feed conversion ratio) was best with 
feed formulated with cassava leaf  meal followed by 
wheat offal and cassava peel meal. The efficiency 
of  feed utilization thus improved from 6.56 (F2), 
6.24 (F3) and 6.08 (F1). This means that there was 
better conversion of  feed to edible meat in F1. The 
values recorded are better than the values reported 
for peels of  mango, plantain, cocoyam and pawpaw 
(Omole et al., 2004). The reason for this may be 
the superior nutritional quality of  cassava leaf  
meal. Wood (2009) has stressed the importance of  
grass quality especially in energy and nutrients like 
minerals and trace elements. The zero mortality 
recorded in all the treatments indicates the safety of  
inclusion of  cassava leaf  and peel meals in the feed 
of  snails. The result supports the fact that snails 
are hardy and well adapted to the environment 
(Oluokun et al., 2005). The results generally show 
that cassava peel meal and cassava leaf  meal support 
growth and can be successfully used as source of  
fibre in replacement of  conventional sources such 
as wheat offal. Farmers produce about 10 tones 
of  cassava per hectare (FAO, 2000). While cassava 
peel amounts to 28 % which gives corresponding 
value of  2.8 t/ha of  harvested roots, cassava leaves 
yields amounting to as much as 4.64 DM t/h 
may be produced as a by-product at root harvest 
(Ravindran and Rajaguru, 1988). 
Table 3: Mean chemical composition of  feeds  
   Formulated feeds
Parameters g kg-1  Feed 1 Feed 2 Feed 3
Dry matter 90.64b 90.75a 90.55b 
Crude protein 18.31a 18.08b 18.23a
Ash 7.76a 7.51b 7.53b
Crude fibre 6.15a 6.12ab 6.08b
Crude fat 3.04a 2.94b 3.01ab
Nitrogen-free extract 54.45c 55.40a  55.21b
Metabolisable energy kcalkg-1 2403b  2398b 2414a
Calcium 8.09a 8.06a 8.06a
Phosphorus 0.76a 0.71a 0.73a
Sample mean scores in the same row with different 
letters are significantly (p < 0.05) different.
Table 4: Mean physical and functional properties of  
feeds
Feed Colour Texture Loose Bulk
   Density Density
   gcm-3 gcm-3
1 Light Green Coarse 0.51b 0.58ab
2 Light Green Coarse 0.55a 0.60a
3 Light Brown Coarse 0.50b 0.54b
Sample mean scores in the same row with different 
letters are significantly (p < 0.05) different. 
Table 5: Effect of  various sources of  fibre on 
growing snails
Parameters  Feed 1 Feed 2 Feed 3
Total feed intake (g) 576a 569b 581a
Mean weekly feed intake (g) 38.40ab  37.93b 38.73a
Mean initial weight (g) 70.33ab 70.33ab 70.50a
Mean final weight (g) 165.14a  157.08c 163.60b
Total weight gain (g) 94.81a 86.75c 93.10b
Mean weekly weight gain (g)  6.32a 5.78b  6.21a
Feed conversion ratio  6.08c 6.56a 6.24b
Mortality - - -
Percentage weight gain %    134.81a 123.35c 32.06b
Sample mean scores in the same row with different 
letters are significantly (p < 0.05) different.
Conclusion
Cassava leaves and peels have been shown to 
have a large potential to substitute a traditional 
and conventional source of  fibre like wheat offal 
and can therefore be adapted as commercial feed 
ingredient. The results generally show that meals 
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of  these two cassava plant wastes support growth 
and can be successfully used as sources of  fibre in 
replacement of  conventional sources such as wheat 
offal and rice bran. The two materials evaluated in 
this study are thus of  great economic importance 
as against the current practice of  returning them to 
the soil as green manure. The utilization of  these 
materials will go a long way in reducing the cost of  
feed in livestock production.
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